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0 Electric motor system for automobiles. 

® Disclosed is an electric motor system for auto- 
mobiles having an electric motor (5, 35) and a con- 
trol circuit for the motor (11, 41), wherein the control 
circuit is attached to a part of a metallic housing (9. 
39) of the motor system by means of a bonding 
agent and is embedded in resin materia] so as to 
maintain a favorable heat removal from the control 
circuit by virtue of a high heat conductivity and a 
heat radiation capability of the housing. Preferably, 
the housing accommodates a speed reduction unit 

3(6, 36) which is connected'to the output shaft of the 
motor and reduces its rotation speed. Favorable heat 
removal from the control circuit Improves the rellabih 
Jj-ity and the performance of the control circuit, and 
2since the control circuit can be directly wired to the 
motor the number and the cross section of the 
<N electric wires which extend between various parts of 
J^the motor system can be reduced. 




UJ 



Xerox Copy Centre 



1 



0 252 481 



2 



ELECTRIC MOTOR SYSTEM FOR AUTOMOBILES 



TECHNICAL FIELD 

The present invention relates to an electric 
motor system for automobiles and in particular to 
an electric motor system which is compact and is 
provided with an advantageous wiring arrangement 



BACKGROUND OF THE INVENTION 

From the past considerable efforts have been 
directed to the reduction of the size and the weight 
of automotive equipment using electric motors. 
This is particularly important because, In recent 
years, an increasing number of motor driven acces- 
sories have come to be used In each automobile to 
the end of improving the performance and the 
convenience of the automobile and manual oper- 
ations required for achieving the actions of various 
moving parts of the automobile equipment have 
been taken over by electric motors to a large 
extent For Instance, a typical high grade auto- 
mobile Is equipped with a motor driven side win- 
dow system, a windshield wiper system, a motor- 
driven sun roof, a power seat adjustment system 
and so on. 

As a result each automobile is equipped with 
so many electric motors that there is now a short- 
age of space for accommodating the control de- 
vices for these motors. Typically, contra] devices 
for on-board electric motors are built as individual 
units and fitted into spaces defined behind instru- 
ment panels, under the seats and so on. And, each 
electric motor requires a -manual control switch and 
a control device and they must be connected by 
electric wires in the form of a wire harness. There- 
fore, not only the arrangement of the control de- 
vices and the electric motors but also the arrange- 
ment of the electric wires connecting the manual 
switches, the control devices and the motors tend 
to place a severe burden in designing and manu- 
facturing on-board motor systems. Also, the com- 
plication of the control devices and electric wires 
causes a great difficulty in servicing the motor- 
driven automotive equipment 

Thus, it is desired to simplify the arrangement 
of the motor-driven automotive equipment but the 
reliability of the operation of the equipment must 
be assured at the same time. This is particularly 
important because the motor-driven automotive 
equipment is placed under severe operating con- 
ditions because it is often exposed to extreme 
temperatures and severe vibrations. 



BRIEF SUMMARY OF THE INVENTION 

In view- of such problems of the prior art, a 
primary object of the present invention is to pro- 
5 vide a motor system which can reduce the number 
of electric wires leading to the motor system. 

Another object of the present invention is to 
provide a motor system which can reduce the 
length of the electric wires connecting various parts 
to of each motor system. 

Yet another object of the present invention is to 
provide a motor system which is reliable and dura- 
ble by being resistant to vibrations and extreme 
temperatures- 

75 According to the present invention, these and 

other objects of the present invention will be ac- 
complished by providing an electric motor system 
for automobiles having an electric motor and a 
control circuit for the motor, wherein: the control 

20 circuit is attached to a part of a metallic housing of 
the motor system in a mutually heat conducting 
relationship. Preferably, the electric motor system 
comprises a speed reduction unit and the part of 
the housing to which the control circuit is attached 

26 is a detachable cover of a housing for the speed 
reduction unit and the circuit is embedded in resin 
material. 

Thus, in this electric motor system, by fixedly 
attaching the circuit board of the control circuit for 

30 the motor to the metallic housing of the motor 
system and combining them integrally together, 
removal of heat from the circuit board Is promoted 
and the reliability and the durability of the electric 
motor system can be Improved. 

35 In order to minimize the space requirement for 

accommodating the control circuit within the hous- 
ing, the control circuit preferably consists of a 
circuit board mounted with printed circuit elements 
and chip circuit elements including a semi-conduc- 

40 tor device. 

According to a certain aspect of the present 
invention, the control circuit comprises a switch 
which is activated by a moving part of the speed 
reduction unit and the motor system is a wind- 

45 shield wiper system. 

According to another aspect of the present 
invention, the control circuit is connected to a de- 
tector for detecting a motion of the motor and the 
motor system Is a power window system. 

so Accoralng to yet another aspect of the present 
invention, the -control circuit is connected to a man- 
ual switch for selecting a function of the control 
circuit, by way of an electric wire for controlling the 
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semiconductor device and, additionally, is cflrectly 
connected to an electric wire leading to the motor, 
and the motor and the control circuit are connected 
to a common power source line. 

Thus, the number and the length of the wires 
connecting the motor, the control system and the 
manual control switch can be reduced. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present Invention will now be shown and 
described in the following in terms of concrete 
embodiments thereof with reference to the appen- 
ded drawings, in which: 

Figure 1 is an overall view showing a wind- 
shield wiper motor system according to the present 
invention; 

Figure 2 is an exploded perspective view of 
the windshield wiper motor system of Figure 1 ; 

Figure 3 is a simplified circuit diagram of a 
windshield wiper motor control circuit according to 
the present invention; 

Figure 4 is an overall view of a power win- 
dow motor system according to the present inven- 
tion; 

Figure 5 is an exploded perspective view of 
the power window motor system of Figure 5; 

Figure 6 is a simplified circuit diagram of a 
power window motor control circuit and 

Figure 7 is a simplified circuit diagram of 
another example of windshield wiper motor control 
circuit according to the present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure t is a perspective view showing how a 
windshield wiper motor system 1 to which the 
present invention is applied is mounted. A pair of 
windshield wiper blades 3 are provided on the 
windshield 2 which is provided at the front part of 
the automobile for wiping off rain water from the 
surface of the windshield 2. The windshield wiper 
motor system 1 for driving the wiper blades 3 is 
fixed in an engine room 4 and by activating the 
windshield wiper motor system 1 the wiper blades 
3 are caused to sweep back and forth across the 
windshield 2 in the direction indicated by the arrow 
A in the drawing by way of a crank arm and a link 
mechanism which are not shown in the drawings. 

As illustrated in Rgure 2, the windshield wiper 
motor system 1 primarily consists of a DC motor 5 
and a reduction gear device 6 having a plurality of 
gears therein, and a housing 7 for accommodating 
the reduction gear device 6 is integrally formed 
with the case 5a of the motor 5 as an extension 



thereof at the output shaft end of die motor 5. The 
crank arm which is not shown in the drawings is 
fixedly attached to the output shaft 8 of the reduc- 
tion gear device 6 and the rotation of this crank 

5 arm causes the sweeping motion of the wiper 
blades 3 by way of the per se known (ink mecha- 
nism which is not shown In the drawings. 

The housing 7 is made of cast aluminum alloy 
in the shape of a box accommodating the reduction 

to gear device 6 and having legs for supporting the 
whole windshield wiper motor system 1, and a 
cover 9 made of press formed sheet metal is 
fixedly attached to the open end 7a of the housing 
7 by means of screws so as to define the casing 

is 9a of the reduction gear device 6 by the coopera- 
tion of the housing 7 and the cover 9. As shown in 
Rgure 2, the output shaft 8 protects from the 
casing 7 in the opposite direction from the open 
end 7a thereof. 

20 The cover 9 rs provided with a generally flat 
and depressed (or, in other words, outwardly bulg- 
ing) middle part 9a as best shown In Rgure 2 and 
a circuit board 11 mounted with printed circuit 
components and chip components (such a circuit 

20 board is often called as a hybrid IC and is provided 
with printed conductive circuit patterns, resistors 
and capacitors and semiconductor chips as an 
integral package) and equipped with the functions 
of controlling the motor 5 as described hereinafter 

90 is fixedly attached to this flat portion 9a with a 
suitable bonding agent This flat portion 9a Is fur- 
ther covered by epoxy or other resin material for 
protecting the assembly from external influences 
such as grease and moisture. This resin material is 

35 also helpful in conducting heat from the circuit 
board 1 1 to the cover 9 and promoting the removal 
of heat from the circuit board 11. Cables 12 con- 
nected to the I/O terminals of the circuit board 11 
extend out of the cover 9 to the outside and are 

40 connected to the motor 5 and a control switch 13 
which Is described hereinafter by way of a connec- 
tor 14. Since the cover 9 is attached to the housing 
7 by way of a gasket which is not shown in the 
drawings, the circuit board 1 1 Is protected by this 

45 cover 9 from the Intrusion of moisture and dust 
from outside. 

The hybrid IC or the circuit board 11 which is 
Integrally attached to the cover 9 comprises an 
intermittent timer 15, a washer timer 16 and a 

so motor drive circuit 17 which consist of per se 
known transistor circuits as shown in the simplified 
circuit diagram of Rgure 3. 

To the circuit board 11 are- connected signal 
lines which connect the circuits on the circuit board 

65 11 to the control switch 13 and a park switch 19 
which cooperates with the motor 5 so as to stop 
the motor 5 only when the wiper blade are at their 
park positions. A power line 21 is connected to the 
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first terminal of the motor 5 and an interconnect 
line 22 leading to the control switch 13 is con- 
nected to the second terminal of the motor S. A 
branch line of the power line 21 Is connected to the 
control switch 13 and another branch line of the 
power line 21 is connected to one of the contacts 
31 of the park switch 19. Ground lines 23 are 
connected to the other contact S2 of the park 
switch 19 and the circuit board 11. The outputs of 
the intermittent timer 15 and the washer timer 16 
are supplied to the inputs of an OR circuit 25 and 
the output of the OR circuit 25 is connected to a 
per se known transistor circuit which activates the 
motor drive drcult 17 by putting the transistor TR1 
into a conductive state with the output of the OR 
circuit 25. 

In the windshield wiper motor system 1 of the 
above described structure, when the intermittent 
mode (INT) is selected with the control switch 13, 
the power line 21 is connected to the signal line 
18a and the Intermittent timer 15 puts the transistor 
TR1 into the conductive state by way of the OR 
circuit 25. When the intermittent mode (INT) is 
selected by the control switch 13 and the Intercon- 
nect line 21 of the second terminal of the motor 5 
is connected to the signal line 18c, the transistor 
TBI is in the conductive state and motor drive 
circuit 17 is In the active state. Therefore, the 
signal line 18c is electrically connected to a ground 
fine 28 of the motor drive circuit 17, and the motor 
5 starts turning. When the park switch 19 is 
switched over to the contact S2 as a result of the 
rotation of the motor 5 from its initial position, a 
signal line 27 connected to the reset terminal of the 
intermittent timer 15 is grounded and the intermit- 
tent timer 15 is reset When the intermittent timer 
15 is reset the transistor TR1 is put into the non- 
conductive state and the motor drive circuit 17 is 
brought back to the initial state with the result that 
the signal line 18 is electrically connected to the 
signal line 18d which is grounded by the park 
switch 19, and the motor 5 continues to rotate. 

When the wiper blades 3 have moved over one 
full wiping cycle back to their park positions and 
the park switch 19 is switched over to the contact 
81 as a result, since flie circuit of the motor S is 
closed by the interconnect line 22, the signal line 
18c, the motor drive circuit 17, the signal line 18d 
and the park switch 19, the motor 5 quickly stops 
because of an electrodynamic braking action. 
When a certain time interval has elapsed after the 
intermittent timer 15 is reset the intermittent timer 
15 generates an output signaf again and the above 
mentioned action is repeated. 

When the washer mode 28 is selected as in- 
dicated by the Imaginary line in Figure 3 irrespec- 
tive of which of the possible modes, the stop mode 
(OFF) and the intermittent mode (INT), Is selected 



by the control switch 13, the power m line 21 is 
electrically connected to the signal line 18b and the 
washer timer 16 puts the transistor TR1 into the 
conductive state by way of the OR circuit 25. At 

s the same time, a washer motor which is not shown 
in the drawings is activated and washer fluid is 
sprayed onto the windshield. In the same manner 
as in the intermittent mode (INT), the motor 5 Is 
rotated and the wiper blades 8 are activated until 

ro the time interval which is set up in the washer timer 
16 has elapsed. 

Although the above described embodiment in- 
volved the intermittent action and the washer-re- 
lated action of the wiper blade, the windshield 

*5 wiper motor control system of this embodiment 
may be provided with circuits for other actions 
such as low speed and high speed normal wind- 
shield wiper actions. 

Figure 4 is schematic view showing a power 

20 window motor system 31 according to the present 
invention which Is mounted within an automobile 
door 32 In the door 32 is provided a X-shaped link 
mechanism 34 for moving a side glass window 33 
up and down. A pinion gear attached the output 

26 shaft (Figure 5) of the power window motor system 
31 meshes with a sector gear 34a formed in part of 
the X-shaped link mechanism 34 in such a manner 
that by activating the power window motor system 
31 the sector gear 34a which is integrally provided 

so in the X-shaped link mechanism 34 is driven In the 
direction to move the side glass window 33 verti- 
cally as indicated by the arrow B In the drawing by 
the resulting action of the X-shaped link mecha- 
nism 34. 

35 As shown In Figure 5, the power window motor 

system 31 consists primarily of a DC motor 35 and 
a reduction gear device 36 which reduces the 
rotational speed of the DC motor 35 and produces 
a rotative power at its output shaft 38 having the 

40 pinion gear 38a fixedly attached thereto,* and a 
housing 37 accommodating the reduction gear de- 
vice 36 therein is integrally formed with a casing 
35a of the motor 35 as an extension thereof at the 
output shaft end of the motor 35. The pinion gear 

45 38a which is fixedly attached to the output shaft 38 
of the reduction gear device 36 meshes with the 
sector gear 34a as mentioned earlier. 

The housing 37 is made of cast aluminum in 
the shape of a cup for accommodating the reduc- 

so tion gear device 36 therein and is provided with 
legs for supporting the whole power window motor 
system 36, and the open end of the housing 37 
defined opposite from the output shaft 38 is closed 
by a cover 38 which is made of press formed sheet 

55 metal and is attached to the housing 37 by means 
of screws, thus defining a case 36a for the reduc- 
tion gear device 36 by the cooperation of the 
housing 37 and the cover 39. 
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The cover 39 is provided with a generally flat 
and depressed (outwardly bulging) middle part and 
a circuit board 41 which may consists of a hybrid 
IC and power devices such as power transistors 40 
are fixedly attached to this flat portion 39a with a 
suitable bonding agent. This flat portion 39a is 
further covered by epoxy or other resin material for 
protecting the assembly from grease, moisture and 
so on. The power transistors 40 and the circuit 
board 41 are mutually connected by bonding wires 
41a. The resin material is also useful in protecting 
the circuit board from vibrations and in removing 
heat from the circuit board 41 . 

The circuit board 41 Is connected to the motor 
35 and a control switch 44 which is described 
hereinafter by way of an I/O terminal 42 provided 
through the cover 39 and a connector 43 con- 
nected to the I/O terminal 42. Since the cover 39 is 
attached to the housing 37 by way of a gasket 
which Is not shown in the drawings, the circuit 
board 41 Is protected from the intrusion of moisture 
and dust from outside. 

Further, the circuitry formed in the circuit board 
11 comprises a flip flop circuit 45 and a rotation 
detection unit 46 which consist of per se known 
transistor circuits and a motor drive circuit 47 
formed by a bridge circuit of the power transistors 
40 as schematically illustrated in Figure 6. 

To the circuit board 41 are connected signal 
lines 48a to 486 extending from the control switch 
44, a power One 49, interconnect lines 50a and 50b 
extending from the motor 35, and a signal line 48e 
extending from a pulse generator 51. which coop- 
erates with the motor 35. The control switch 44 
consists of a manual switch 44a and an auto switch 
44b having the power line 49 connected to their 
common contacts, and the switches 44a and 44b 
are additionally provided with contacts S3 to S6 for 
moving the side glass window upward and down* 
ward, respectively. The manual switch 44a acti- 
vates the motor 35 while the manual switch 44a is 
being acted upon. On the other hand, the auto 
switch 44b causes the side glass window to be 
lifted up or lowered all the way even when the auto 
switch 44b is turned on for a short time. 

The signal lines 48c and 48d which are con- 
nected to the contacts S5 and S6 of the auto 
switch 44b are connected to the inputs of an OR 
circuit 42 and the output line W1 of the OR circuit 
42 is connected to one of the inputs of the flip-ftop 
circuit 45. The other input of the flip-flop circuit 45 
is connected, by way of a transistor TR2, to the 
output signal line W2 led out from the rotation 
detection circuit 46 which Is connected to the pulse 
generator 51 by way of the signal line 48a. The 
output signal line W3 of the flip-flop circuit 45 is 
connected to the transistors TR4 and TR5 for nor- 
mal and reverse rotation of the motor 35 by way of 



a transistor TR3. The circuitry connected to the 
transistors for normal and reverse rotation of the 
motor 35 consists of a per se known transistor 
circuit which can retain an ON state by means of a 

s pulse signal from the transistor TR3. 

The signal lines 46c and 48d connected to the 
contacts S5 and S6 of the auto switch 44b are also 
connected, by way of diodes D01 and D02, to the 
signal lines 48a and 48b which are connected to 

ro the contacts S3 and 84 of the manual switch 44a 
and the motor drive circuit 47. The motor drive 
circuit 47 consists of a bridge connection of the 
power transistors 40 as mentioned earlier so that 
the motor drive circuit 47 can continue to drive the 

16 motor 35 as long as the signal from the signal lines 
48a and 48b persists or the transistors TR4 and 
TR5 remain in the ON state. 

In this circuit for the power window motor sys- 
tem 31, when the contact S5 of the auto switch 44b 

20 of the control switch 44 Is selected to be ON. the 
power line 49 is electrically connected to the signal 
line 48c and a voltage Is applied to the motor drive 
circuit 47 by way of the diode 001 wfth the result 
that the motor drive circuit 47 drives the motor 35 

25 in the direction to lift the side glass window 33. 
Further, since the voltage supplied to the motor 35 
is also applied to the emitter of the transistor TR4 
on the one hand and the flip-flop circuit 45 is set 
by way of the OR circuit 52 when the contact S5 of 

so the auto switch 44b for lifting the side glass window 
is selected to be ON and the output of the flip-flop 
circuit 45 puts the transistor TR3 into the conduc- 
tive state causing a flow of the base current to the 
transistor TR4 on the other hand, the transistor TR4 

& continues to be In the ON state or, In other words, 
the motor 35 continues to rotate even when the 
auto switch 44b is turned off. 

When either the side glass window 33 has 
risen to its upper limit and it is detected by the 

40 rotation detection circuit 46 or the contact S4 of the 
manual switch 44a for lowering the side glass win- 
dow Is selected to be ON, the rotation of the motor 
35 ceases. And, since the flip-flop drcult 45 is 
reset by the reset output from the rotation detec- 
ts tion circuit 46 by way of the transistor TR2, the 
transistor TR4 is turned off by way of the transistor 
TR3 and the motor drive circuit 47 is reset with the 
result that the supply of electric current to the 
motor 35 stops. 

so Also, when the contact S6 of the auto switch 

44b for lowering the side glass window is selected 
to be ON, the transistor TR5 turns on and the 
motor 35 turns in the reverse direction to tower the 
side glass window 33. When either the side glass 

55 window 33 has been lowered to its lower Hmrt and 
it is detected by the rotation detection circuit 46 or 
the contact S3 of the manual switch 44a for lifting 
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the side glass window 33 is selected to be ON, the 
transistor TR5 turns off in the same way as de- 
scribed above and the supply of electric current to 
the motor 35 stops. 

The electric current is supplied to the motor 35 
by way of the power transistors 40 and the tem- 
perature of the power transistors 40 tends to rise 
for instance when the side glass window 33 is 
brought to Its upper or lower limit with the manual 
switch 44a and a large current is conducted 
through the power transistors 40. Therefore, the 
power transistors 40 are required to be equipped 
with heat radiation plates for removal of heat there- 
from and, in this particular embodiment, the power 
transistors 40 are fixedly attached to the cover 39 
of the reduction gear device 36 and the cover 39 
maximizes the performance of the power transis- 
tors 40 by removing heat therefrom and cooling 
them. 

Thus, by integrally attaching a circuit board 
which may be a hybrid IC having the control circuit 
tor the motor system to part of the casing of the 
motor system, not only the length of the wires 
extending between the motor and the control de- 
vice is reduced but also the number of wires ex- 
tending between the control device and the control 
switch is reduced with the result that the vehicle 
weight is reduced and the assembly work Is simpli- 
fied. Furthermore, since there is no need for 
mounting a separate control device to the vehicle, 
the assembly work for the control device can be 
omitted and the circuit board can be incorporated 
into the casing of the motor system without any 
substantial modification of the casing for the motor 
system. 

Figure 7 shows a circuit diagram of a second 
embodiment of the control circuit for the windshield 
wiper motor system according to the present Inven- 
tion. 

A control switch 1 13 is provided with a terminal 
118 which Is connected to a power line 123. a 
terminal 115 which is connected to the terminal 
1 1 B when the continuous mode (LO) is selected by 
the control switch 113, a terminal 117 which Is 
connected to the terminal 118 when the Intermittent 
mode (INT) Is selected by the control switch 113, 
and a terminal 120 which is connected to the 
terminal 118 when the window washer mode is 
selected by the control switch 113. When the stop 
mode (OFF) Is selected by the control switch 1 13, 
the terminal 118 or the power line 123 Is connected 
to none of the terminals of the control switch 113. 

The power line 123 is connected to an end of 
the windshield wiper motor 122 while the other end 
of the motor 122 is connected to a terminal 118a of 
the circuit board 11 by way of an interconnect Gne 
121a. The terminals 115 and 117 of the control 
switch 113 are connected to terminals 115a and 



117a of the circuit board 11 consisting of a hybrid 
IC by way of interconnect lines 121b and 121a 
The power line 123 is further connected to a termi- 
nal 123a of the circuit board 11. The terminal 120 
s of the control switch 113 Is connected to an end of 
a washer pump motor 124 by way of an intercon- 
nect line I2ld and a line branched off from the 
interconnect line 121d is connected to a terminal 
120a of the circuit board 11. The other end of the 

70 washer pump motor 124 is grounded. 

One of the contacts of a position detection 
switch 125 which is similar to the park switch 25 
shown in Figure 3 and is synchronized with the 
rotational motion of the windshield wiper motor 122 

15 is connected to the power Gne 123 and the other 
contact is connected to a terminal 125a of the 
circuit board 11 by way of an interconnect line 
121 e. The circuit board 11 is grounded to the cover 
9 which is a part of the casing of the windshield 

20 wiper motor system 1 by way of a ground line 1 28. 

Thus, the circuit board 11 which is connected 
to the control switch 113, the windshield wiper 
motor 122 and the washer pump motor 124 by way 
of cables 12 including the power line 123 and the 

25 signal lines 121a to 121e carries control circuits 
constating of transistor circuits for Intermittent ac- 
tion of the windshield wiper and the action of the 
windshield washer in the form of a hybrid IC. Now, 
the details of these circuits are described In the 

30 following. 

The terminal 123a connected to the power (ine 
123 is grounded, by way of a diode D1, by a 
capacitor C1 and a resistor R1 which are con- 
nected in parallel to each other and is also con- 
as nected to the emitter of the transistor T1 . 

The emitter of the transistor Tl is connected to 
the base of the transistor T1 by way of a resistor 
R2. The collector of the transistor T1 is grounded 
by way of a resistor R3 and a capacitor C2 and is 

40 also connected to the base of a transistor T2 with a 
grounded emitter by way of a resistor R4. The 
base of the transistor T2 is grounded by way of a 
resistor R5. And, the base of the transistor T1 is 
grounded by way of a diode D2 and a resistor R24. 

46 The terminal 125a, which is connected to one 
of the contacts of the position detection switch 125 
by way of the Interconnect line I2le as mentioned 
earlier, is grounded by way of a diode 03 and a 
resistor R25 on the one hand and by way of a 

so diode 04 and a resistor R26 on the other hand. 
Since the terminal 125a is additionally connected, 
by way of a diode D5, to the node between the 
diode D2 and the resistor R24, is also grounded by 
way of the diode D5 and the resistor R24. The 

55 terminal 125a is further connected to the emitter of 
a transistor T6. 
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The emitter of the transistor T6 is connected to 
the base of a transistor T6 by way of a capacitor 
C3 and a resistor R7 which are connected in par- 
allel to each other. The base of the transistor T6 is 
connected to the collector of the transistor T2 by 
way of diodes D7 and D8 and a resistor R6. The 
collector of the transistor T6 is connected to the 
emitter of the transistor T6 by way of a diode D6. 

The terminal 116a, which is connected to the 
second terminal of the windshield wiper motor 122 
by way of the interconnect line 121b, the control 
switch 113 and the interconnect line 121a, is con- 
nected to the collector of the transistor T6 V and to 
the collector of a transistor TB with a grounded 
emitter. 

The terminal 123a is also connected to the 
emitter of the transistor T7 by way of the diode D1 . 
The emitter of the transistor T7 is connected to the 
base of the transistor T7 by way of a resistor R17. 
The collector of the transistor T7 is connected, by 
way of a diode D9, to the node between the diode 
D8 and the resistor R6, and to the base of the 
transistor T8 by way of e resistor R18. The base of 
the transistor T8 is grounded by way of a resistor 
R19. Since the base of the transistor T7 is con- 
nected to the node between the the diode D3 and 
the resistor R25 by way of a diode D13. it Is 
grounded by way of the diode D13 and the resistor 
R25. 

The terminal 117a, which is connected to the 
terminal 117 of the control switch 113 by way of 
the interconnect line 1 21c as mentioned earlier, is 
also connected to the collector of the transistor T3 
and the base of the transistor T3 by way of a 
capacitor C4 and a resistor RB. The collector and 
the base of the transistor T3 are mutually con- 
nected by way of a resistor R9. The terminal 117a 
is connected, by way of a capacitor C4 and a diode 
D10, to the node between the diode D4 and the 
resistor R26 and is therefore grounded by way of 
the capacitor 04, the diode D10 and the resistor 
R26. 

The emitter of the transistor T3 is grounded by 
way of a resistor R10 and Is connected to the base 
of the transistor T4 with a grounded emitter by way 
of a resistor R11. The base of the transistor T4 is 
grounded by way of a resistor R12. The collector of 
the transistor T3 is connected to the collector of 
the transistor T4 by way of a resistor R13. 

The collector of the transistor T4 is connected 
to the base of the transistor T5 with a grounded 
emitter by way of a resistor R14 and a diode D11. 
The base of the transistor T5 is grounded by way 
of a resistor R15 and the collector of the transistor 
T5 is connected to the base of the transistor T7 by 
way of a resistor R1 6. 



The terminal 120a, which is connected to the 
terminal 120 of the control switch 113 and the 
washer pump motor 124 by way of an Interconnect 
One 121d, is connected to the base of the transistor 

6 T5 by way of a diode D14, resistors R20, R21 and 
R23 and a diode D12. The node between the 
resistors R20 and R21 is grounded by way of a 
zener diode ZD and the node between the resistors 
R21 and R23 is grounded by way of a capacitor C5 

io and a resistor R22. 

The terminal 115a, which is connected to the 
terminal 115 of the control switch 113 is connected 
to the base of the transistor T5 by way of a resistor 
R27and a diode D15. 

15 Now the action of the present embodiment Is 
described in the following with reference to the 
above mentioned circuit diagram. 

When the stop (OFF) position is selected by 
the control switch 113 and the position detection 

20 switch 125 associated with the windshield wiper 
motor 122 is closed with the windshield wiper 
blades 3 positioned at their park positions, the 
terminal 125a receives a voltage from the power 
line 123. Therefore, the cathodes of the diodes D3, 

S3 D4 and D5 ere at a high voltage level and the 
transistors T7, T3 and T1 are turned off. As a 
result, the transistor T8 which is controlled by the 
on-off state of the transistor T7 is turned off and 
the windshield wiper motor 122 which is controlled 

3o by the state of the transistor T8 stops. 

When the intermittent (INT) position is selected 
by the control switch 113, since the terminals 117 
and 118 of the control switch 113 are short cir- 
cuited and the interconnect line 121c is electrically 

as connected to the power line 123, a certain voltage 
is supplied to the terminal 117a. 

Since the transistor T3 is in the OFF state and 
the transistor T3 is therefor in the OFF state, the 
voltage from the terminal 117a is applied to the 

40 base of the transistor T5 and turns It on. When the 
transistor T5 turns on, a voltage is applied to the 
base of the transistor T7 and turns it on. As a 
result, a voltage is applied to the base of the 
transistor T8 and turns it on. Then, the Interconnect 

40 line 121a connected to the windshield wiper motor 
122 is grounded by way of the control switch 113, 
the Interconnect line 121 b r the terminal 118a and 
the transistor T8, and the windshield wiper motor 
122 starts turning by receiving a supply of electric 

so current. 

As the windshield wiper motor 122 turns, the 
position detection switch 125 opens as Indicated 
by the imaginary line and the cathode of the diode 
D4 is pulled down to a low voltage. As a result, 

55 electric current starts flowing through the diode 
D10 and the resistor R26 and electrically charges 
the capacitor C4. Since the transistors T3 ad T4 
are thus turned on, the transistor T5 turns off but 
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since the cathode of the diode D3 is at a tow 
voltage level and the base current of the transistor 
T7 flows through the diode D13 and the resistor 
R25, the transistors T7 and T8 maintains their ON 
state and the windshield wiper motor 122 continues 
to rotate. 

When the position detection switch 125 is 
open, since the cathode of the diode D5 is at a low 
voltage level In the same way as the diodes 03 
and D4, electric current flows through the diode D2 
and the transistor T1 Is turned on with the result 
that the capacitor C2 st ar ts to be electrically 
charged and the transistor T2 turns on. Since the 
transistor T7 Is in the ON state as mentioned 
earlier and the cathode of the diode 03 is at a high 
voltage level, no electric current flows through the 
diode D13 and the transistor 17 is turned off. When 
the transistor 77 is turned off, since the transistor 
T8 is also turned off and the cathode of the diode 
05 is pushed up to a high voltage level as men- 
tioned earlier, the transistor T1 is turned off. Then, 
since the capacitor C2 begins an electric di- 
scharge, the transistor T2 maintains its ON state 
and, since the transistor 17 is in the OFF state and 
the cathode of the diode 09 Is pulled down to a 
low voltage level, the transistor T6 turns on by 
receiving a voltage at He base. 

When the transistor T6 turns on, since the 
terminals 125a and 11 6a are mutually connected 
by way of the transistor T8, the circuit of the 
windshield wiper motor 122 is closed by the posi- 
tion detection switch 125, the interconnect fine 
I21e, the tenminal 125a, the transistor TB, the ter- 
minal 116a and the Interconnect line 121a, thereby 
generating a counter current In the windshield wip- 
er motor 122 so as to apply a electrodynamlc 
braking force to the motor 1 22 

When the position detection switch 125 is 
closed and the cathode of the diode D4 is pushed 
up to a high voltage level again thereby stopping 
the flow of electric current through the diode D10, 
the capacitor C4 starts electrically discharging and 
the transistor T3 turns on receiving a base current. 
During the time the capacitor C4 is electrically di- 
scharging, the transistor T3 remains in the ON 
state. This in turn causes the transistor T4 to be 
turned on and, then, the transistor T5 is turned off 
causing the transistors T7 and TB to be turned off. 
Therefore, during the time the capacitor C4 is 
electrically discharging, the windshield wiper motor 
122 continues to rotate. 

When the capacitor C4 has completed electric 
discharge, since the base current of the transistor 
T3 is stopped and the transistors T3 and T4 are 
turned off, the transistors T5. T7 and T8 are turned 
on and the windshield wiper motor 122 resumes its 
rotation. 



When the continuous mode (LO) is selected by 
the control switch 113, the terminals 115 and 118 
are connected to each other and the power line 
123 is electrically connected to the interconnect 

s line 121b which is connected to the terminal 11 5a 
of the circuit board 11. The terminal 115a is con- 
nected to the base of the transistor T5 by way of 
the resistor R27 and the diode D15 and the transis- 
tor T5 is therefore turned on, causing the transis- 

10 tors T7 and T8 to be turned at the same time. As a 
result, the windshield wiper motor 22 rotates with- 
out regards to the state of the position detection 
switch 25. 

When the washer mode 119 is selected by the 
re control switch 113 Irrespective of Its position, the 
stop (OFF) position, the intermittent (INT) position 
or the continuous (LO) position, the terminals 118 
and 120 of the control switch 113 are mutually 
short circuited and the power line 123 is electrically 
20 connected to the interconnect fine 12ld with the 
result that a voltage is applied to the washer pump 
motor 124 and washer fluid is sprayed to the 
windshield. 

At the same time, a voltage is also applied to 
25 the tenminal 120a and the capacitor C5 begins to 
be electrically charged by receiving the electric 
current After a certain time Interval has elapsed, a 
voltage is applied to the base of the transistor T5 
by way of the diode 012, turning on the transistors 
so T5, T7 and T8, and the motor 122 starts turning. 

When the washer mode 119 is stopped, the 
voltage at the terminal 120a disappears at the 
same time as the washer pump motor 124 stops 
and, since the capacitor C5 starts electrically di- 
ss scharging keeping the transistors T5, T7 and T8 in 
the ON state, the windshield wiper motor 122 con- 
tinues to rotate. When the discharge of the capaci- 
tor C5 Is completed, the transistor T5 turns of?. But, 
since the transistor T7 continues to be in the ON 
40 state as long as the position detection switch 125 Is 
open In the same way as in the intermittent mode, 
the windshield wiper motor 122 continues to rotate. 
When the windshield wiper motor 122 has turned 
for one full cycle of the wiper blade and the posi- 
45 tlon detection switch 125 is closed, the windshield 
wiper motor 122 stops receiving the electrody- 
namlc braldng force In the same way as in the 
intermittent mode. 

Although the above described embodiment in- 
60 volved the Intermittent action, the washer-related 
action and the continuous low speed action of the 
wiper blade, the windshield wiper motor control 
system of this embodiment may be additionally 
provided with circuits for other actions such as 
65 continuous high speed action. 
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Thus, by integrally attaching the circuit board 
having a control circuit which may bo in the form of 
a hybrid IC to the metallic casing of the windshield 
wiper motor system, not only the length of the 
wires extending between the motor and the control 
device is reduced but also the number of wires 
extending between the control device and the con- 
trol switch Is reduced with the result that the ve- 
hicle weight Is reduced and the assembly work is 
simplified. Furthermore, since there is no need for 
mounting a separate control device to the vehicle, 
the assembly work for the control device can be 
omitted and the circuit board can be incorporated 
into the casing of the motor system without any 
substantial modification of the casing for the motor 
system. 

Although the present invention has been shown 
and described with reference to the preferred em- 
bodiment thereof, it should not be considered as 
limited thereby. Various possible modifications and 
alterations could be conceived of by one skilled In 
the art to any particular embodiment, without de- 
parting from the scope of the invention. For in- 
stance, the control circuit may be attached to the 
part of the casing by way of a favorable heat 
conducting material and the circuit board 11 or 41 
may be fixedly attached to the cover 9 or 39, for 
example, by way of a sheet of rubber material such 
as TF Rubber (trade name of Mitsubishi DenW KK 
of Tokyo, Japan) which may be adhesive and has a 
relatively high thermal conductivity. And, the ap- 
plication of the present invention Is not limited to 
windshield wiper systems and power window sys- 
tems but can be applied to all motor-driven auto- 
motive accessories. 



4. An electric motor system as defined In claim 

3, wherein the control circuit consists of a circuit 
board mounted with printed circuit elements and 
chip circuit elements including a semi-conductor 

s device. 

5. An electric motor system as defined in claim 

4, wherein the control circuit comprises a switch 
(23) which Is activated by a moving part of the 
speed reduction unit 

to 6. An electric motor system as defined in claim 

5, wherein the motor system is a windshield wiper 
system (1). 

7. An electric motor system as defined in claim 
4, wherein the control circuit is connected to a 

u detector (46, 51) for detecting a motion of the 
motor. 

8. An electric motor system as defined in claim 
7, wherein the motor system is a power window 
system (31). 

20 9. An electric motor system as defined in claim 
4, wherein the control circuit is connected to a 
manual switch (13, 44) for selecting a function of 
the control circuit, by way of an electric wire for 
controlling the semiconductor device. 

26 10. An electric motor system as defined hi 

claim 9, wherein the control circuit is directly con- 
nected to an electric wire leading to the motor, and 
the motor and the control circuit are connected to a 
common power source line (23, 49). 

30 11. An electric motor system as defined In 
claim 2, wherein the control circuit is attached to 
the part of the casing by way of a favorable heat 
conducting material. 



35 



Claims 

1. An electric motor system for automobiles <o 
having an electric motor (5, 35) and a control 
circuit (11. 41) for the motor, wherein: 

the control circuit is attached to a part of a 
metallic housing (9, 39) of the motor system in a 45 
mutually heat conducting relationship! 

2. An electric motor system as defined in claim 

1, wherein the electric motor system comprises a 
speed reduction unit (6, 36) and the part of the 
housing to which the control circuit is attached is a so 
detachable cover (9, 39) of a housing for the speed 
reduction unit. 

3. An electric motor system as defined in claim 

2, wherein the control circuit is embedded in resin 
material. 55 



9 



0 252 481 



Fig. 5 




